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\\ ' INTRODUCTION

This reﬁort ia intonded as a presentatlon of our oxperimental -
duvalopmvnti'in-the hydrophone field, The standardized and special
types.of hydrophone construction will hé showi together mith Bouroes
of hasie métnrial Eqguipmant development in this field will be re-

' vlawed nnd tnﬂnmmnnded nugqestions for furthor development effortn

will be. auggasted.

. B Mcmmmn..

In the early da;s of anﬂnn Taboratories underuatar réaenrch
nctivity. the widely uped scoustic detectors were expensive ooumerainl

_ barlum titanate davices havlng iimitatlons undex high hydruatutiu -
 pressures.  In the Hechaniﬁal Enqiﬂaarlnq Seation. oxp@rimant: wore

conducted to asoertain the vraeticality of uakinq oML own hydrcphonaa
better suitnd to deep water use. The first problem wap that of finding
a suitable bazking materinl whieh wou!d not diminish the :an;itivity of
the barfum titanate oyliinders usad. AN uxperimental program showad that
the density of the hacking materinl, particularly in the low frequency
range of listenifig, had no perceptible difference on the sensitivity of

ke dewRBBlY A fiyarophune unit was made which wet dur deep aea needs

and has been our standard Lype deteetor since, Details of this unit
wlll be explained below. '

As need arose, other prehleﬁs were ancountered in the assewbly
-tauhniques of these ang othey: types of listonirg end transducer units.

More reeently. improved equipmenf_nequirementa have pointed un'the need
for hotter hydrophones from the sﬁhudpbint'ﬁf'batter sensltivity and
higher capacity, and this has given vise to a more evitica) approadh in
the cholce of materials and in asgemtily methods. Recent efforts Hnve
heen made to meet these demands by the uze of better ceramic materianls
{zirconates), and by the improvemont of packaging techniques(shirlding),

AR
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BASIC ACOUST 4 TOOLS

1, THE STARDARD THIME -ZLEMENT HYDROPHONE -~ The most bawrle listening :
tool of the laboratory, shown in Flg. 1, will be considered in’ . :
detall. This iz a serles-wired three-cetl unit with s capacity
of 006 microfarad, and a sensitivity of about -92 db per dyne en”

: . .
. o ~~referance } ovolly

A - Gryatel Roquivaments.  The birium iitanete sryataly uged by
the standard. three-ciement hydrophomr wera snsectﬂd witn tha
foiloulnq Spﬂcififﬂlinﬂd

Physieal ,
Cyiindtical V=10 outalde - dismever
:imrjqfh H»' in . ! .
Wall thicknosy mpprnximately 1/6. in
Eleetrode surfaco nppliad to within 1/6 in of lnslde
and owtside edqaa of ayllnder.

L Ejootrical - .
f§ ' - Capucity of at lenst 018 mierofaradn
: CLewer Suar® podal pelow 08C
Uniform direotion of pularizntiun
Diclaetrie constant (at 25°CH

h - Boot. Yhe envelopes for the series-comnected plastic-fi)len
erystnla were bottomed oyilnders made of rho-C neoprene compound,
having acoustio transmission propexties closely approximatimg

these of water,

C - Hire Geuppeetlons. The sories connestions wore mado with an
insulated tenseiite wire while the takeout wires were made of S.gnal
Corps wive (WDITT), seiected for the durabiiity of its insulnticn

in the compressive type of rubber geal gland adopted suscessfully

[}
All db measurentats henceforth in ihis repert will have thiz
same reference,

o
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Tor widespread high pressure use in laborstary devices, Low
temperature solder was used with o @inisun of heal (temperatures
above high curie peoint of 130°C will destroy palarization},

D - Pigstic Matexial. Experiments indicated Lhat a completely
plastic-fliled backing for the thrve-clement nssemhly wis

nholly sniisfnctnry. A room curing rpoxy resin plastic was found,
towever, the excessive exatheym approached the high transition
point of the barium titaoste mataris) and threatened the polar-
ization of the arystnl. A maple wood dowel Was rmploytd as nn
nasembly uid as welf ag a filler, and this lowered the wnit volums
of the ecuring piustis and congoquently the exothoem. The eépoxy
regin used had the disadventage of high viggosity presnniing the
problem of volrapment of wir in the capsulailed unit. A sultable
"thinner™ material was found whick madé the plnsticémnre fpﬁid

at no apprectﬂhle meohanical or eleetronic sucrkfise. The ulaqtir-'

finnlly udapted was made up of Arles w304 Epoxy Resin, Avies %101
Hardener, and a thinper materful,

. E - Uydrophone Aaath!xrﬂgqgqugg. The three erystals were first

wired In sories, wnd o wooden dowel previously drilled and pro-
vided with Signal Corps‘wxrc leads, wus ingorted into the =tacked
cylindors. After the remaining connectlons of the Slgual Corps
wires to Lhercrystals weyre made, the whole uésembly was lowercd

~into the boot. The capacity was checked, and the plostic was

prepared for pouring. To a base weight of Aries B304 Epoxy Hesin,
10 per cent R0 Havdener (diphenylomine) and 8 per cent thinner
(slyrone axide) were added,  The materials were siirred at o 5low
rate to provent entraimment of alr, Abouwl five minutes of mixing
time fur the plastic wes sufficfent bofore iv was poured inta the
apgumbled unit. Manunl maniputation of the boot wns necessary to
eliminate air bubbles, a pussiblc cause of aceustic losses and
wmechanical weakhesses.  The sompletely plasticized unit was allaowed

to "cure™ for sbout tweive hours before calibration,

' _.;’

#

P TR s R

_ e e e - o 8 b el g e~ = e 4 o o i i ¢

e

I Wcoit

g
E7ed

s

T

L




i iom

ot et 8 A AT FTAE AN AT e

F - Faghaning of Completed Uil to Louipment. The extended
section of the boot on the completely plasticized unit was applizd
over a c¢rruqated metal projection on the equipment, and an aeyo-

saal hose clamp was used to sesure it, The vold between the motul

atid the plastic was compietely filled witk castor oll, thus af-
fording n‘éaiétlvely {noompresnihlie badking neoerazry in high
pregoure use, ' '

G - Material Souxqos,
_g;ium_lligngxg,ggzggg;g were available from. savﬁrn!

“sources, (Soo later seodion on supply grohlems.)-
Final seleotion was made only after actusl assembly
and evgluation of samples, .
Mire - The intercennenting wire for the crystula was
Tonsolite #14D24, sade hy tensolite Wire and Cable’

" Company, Tarrytown, New York. The mere durnbie
leads werc of Signal Corps wirs WDITT mads for the
Signal Corps by many wire conserns, -

Pone - The gg:_\t_ wne sanufacrurad hy B F. Gnudriah

’Induutrig;_?roducts‘qupaﬁy; An orlgﬂnal pattern. .
wap mado and vetw ied by the oonpany.“ Roots were
molded on order frua hlsok neoprane shook ®a%003,

a material with greater resistance to damage by sun-
light or oil than rubber, and with the desixable
aroustie properties of pure rho-C rubber,

Plastie ~ The cpoxy plastic used was Aries #304, tha
hardener Aries & 101, and.the thinner styreno oxide,
All of the above were procured from Ariew Lahoratories,
270:Park Avenue, New York City, Many other industria;
sauroes of comparable produsts are also avallable,

..




II.

SHIELDED THREE-ELEMENT HYDROPHONES
A - General Comments., The Electronics Department studied the

effrcts of shielding the standard three-element hydrophone to
diminish clectrostativ pickup. Their findings inuicated that
the shielded hydrophone finally developed (see the diagram in
Figj 20 p»rmi:tvd a U5 db  improvement at a sacrifice of 1 db
in sen51tivity.& The eapacity of the completed unit was about

Q06 micvofarads, and sensitivity akout -93 db,

B - Shield Materials. Copper screen wire, aluminum foil, alumi-

iium foil insulation paper, perforated foil iasulation paper,

and a boot lining of conductive silver paint were tested. Best

resulls were obtained with a single-sided foil paper.

C - Insujation Materials, As the electrode surfaces of the barium

titanate crystals wece exposed to the shielding materiel, an
insulator was necessary. A material sufficient for ihe pfoper
shield spacing and at the same time not solid enough to resist
pe-meation by the plastic was finally found. Fish paper, fiber,
milar, and fiberglass screen (%8 mesh) were tested, the last with
the most favorahle results.

D - Assembly Procedure. The procedure outlined for the standard
three-element hydrophone was followed up to the point where the
assembled aNA WITed CryScoid weii svuuwy oo oo SnI277¢ed into the
boot. The crystal assembly was "rolled" into a 4"x5" piece of
fiberglass screen which was fastened with scotch #33 tape. The
shield paper (single foil) size 5#"x52" was applied tightly to
the screen insulator with the foil side out. The bottom was also
shieided by folding the lower extended side foil under the unit,
Connection of the shield (aluminum) to the outer electrode surface
of the top crystal was made by an uninsulated wire which wus
secured with a "giob"” of conductive silver paint, After the
shield was secured with strips of scotch %33 tape, it was lowered
into the bhoot and "potted”.

2
Developmenta} work on chielded hydrophones was conducted at
Hudson Laboratories by Thuimas Pappas.

-6-
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E - Magegiol Sourges.

Fiberglags. Clath Sereen, # Mesh was procuved from
l'lnstlc Wovin Pmr]u(bt*; Co., B} Comdon .‘SHPDL
Paterson, Now Jersey.
Shizld Material, an alumidum reflective insuiation
"Foiltex", was ‘wanufattured by Harsvy Paper Lining
Coaupnny, Melroso, Masy, '
Condugtive §1lyer Faint ® 4756 was obtmined fyrem E, 1.
Dupsnt. de Hemouxrs, ﬁie&tru ﬂhaﬂieal Départment

_ ﬂilminntuni HP]EWHYU

THHEE - INCH DIRHETFR ﬁYﬁﬂOPHONES

gggg;g;_gggggngg This type ut unit iw nnde of burium titﬁnatw
opiindary of the following dimensions, 3~in vutslde Jdlameter,
fi=in length, and thicknesses of 3/32 in and 4 In . The most
significant wechanicay fewture of this type of wsseably uat e
s of an npmxr plastic to qlue the end pilates 1o the crvstlli.

© Withoit mdditfenal baeking, the 3/32-in walled cylinder wWith-

‘stond praseures up to 4950 psi, at whien point the cylinder
nolim;n** ‘Yt is not known to wast maxiwum pressure the unit .
i wgefal, The crystal, with cemented end plates, was fitted

. wlth & rubbér hont whith In turn wes made secure with stainless

V.

"stﬁ;-'al aoro-sval hose e-lanps (sne Fig. 3i.

lLl.leﬂEudw HIGH CA.PACITY H?DRCPH)NFS

A - L;g&lg;nagx_nggugn&, This unit was“desiqned for » particular
situdtion in whtich no preamp was to be used, where a high ca-
pauily was needed to reduce iine'twpedance The configuration
- 6f cryatals and tho geries par&ilel wiring nrranqenent was

destgned to meet the needs of the elecironic system employed (see
Flg, 4.
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and eight  bl-in x 1l-ta cyllanders acscmbled in atacks betwoen
teo stainless steetl plates of 9-inp digmeter, Throo subassem- ) . ; s
o blics wore made up of thirvty-six orystals erranpged 1 stecks ) N
: ' six crystals high, Crystalz within each stsok were parallel . . | S
’ T wired, while the thres clusteras of thirty-six crygtals wete ) ' A
: : 'séries wired, fovming the comploted unit, This reésuited in a , R S y
g_ - recelver with 8 capacity af;.}ﬂvmiﬂtmfmruﬁ,gnd A 5ensigivity ' '
P of -5 db. L
_' c- m_mggmg In the pretinfessy &wmnw apuratbon, ' .
- nine-insh rods weyre farmrd by gluing siz erystals together with - . o I
' E. v, plastiq (to Lo discunaed below), Six sash rods were ' ' e % E
bdndied together und a1l thirty-six orystsls wote puraliel ' l
wired. - Thro®. gugh majar'n#$epﬁl!es ware arranged sumewhat in . l o i
_ : ~ the form of & hexagon bt the stalnless steel base plats, LBy '
RN B 7 . ©ware then series wound with the terminal leads brought out Througs -
e : . aomprasgion seals i tho apper stélnless ateel plate. - A metal,
’ mold sprayed wilh meld relense wae securely holted sround this
antira aslemh!y. and £1 wis thea plesticized, Care was obesrved
to £411 w1l voide soaplotely, Aftur Lhe plastic was thoroughly : _
— = - cured (shig taﬁk a'ppraxiéa'tﬂ-l‘y one dayl, che mold wes vemovad K o
"nnd a rubber slaeve, wade aecure with ntnlnless steel hose clampe,
was then applied.
- - Erobless Involved.
Confiouration. Lon!idﬂ'ib]l‘ experimontal of fort wax
spant in msuerieinkng thmt the crysials, losated .
well within the outer periphory of the unit, can-
tributed thoir oqual share Lo the overall somgttivity -
AL f_“ of tlm' peseuhly. Prototype test ualls were wade with
individunl ee1l sonndations, Celibratlens were then
médu, and it was found thet a crystal surrvownded by
six outer cells matched them In individual senxitivity.
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Ploptde Pophlome B difficalty an ploclicizing o

Inrge unit of thig kind was pouring o Inrge voiume
of plastle without generating on exotherm of deleterd-
oun effect on the polarization of the crystnl com-

o  ponents. Exhaustive expuf}mcnpgtion with many types

‘ : of plastics suring at ﬂﬁnﬁ temperature resnlted in

the selvction of & fitﬁad madi fied ﬁpoxy'plnslic |

| e which met aur requirements, This is u threi-cemponent

. piastic mynufascturced by the Elecironie Plastic Corp.,
675 Barhy Street, Hrookiyn, New York., The final
formuiation wes 2 per cuat Herdener %5 and 2 pey cont
Activator 22 added e Page Realn N”’ﬁwl -

V. ULTHASONIC PROME HYSROPHONES

- A - Ggngral.Gemgent. This type of ltstcﬂlug drvice ts

| ) - e of g harium titanste eylindor /16" dﬁnmﬂter by

- i ‘_1/1é" length, It has partieular upplicntinnm.m hiqn

E fraquency acoustiz gtudy, DBecauss of its ntnut@ slzu.

’ o AEITIauttios were vnuauntwrnﬁ In-arriving 4t o ahtihfnatﬂry

: B g aunemily tochalque,

B - ~ Dypan of.lpite:  Two methods of mounting were d“valapedw
o Wilh auecess, one u rigld aount and the other & €inxxhl&

‘ ' wiro mount, s

" | Rigid Mowphad BLiasauds. Erake. This wa the type

: of unit that waz used whare o move presise lnoi;ion

, of Lthe prohe was esyential (See Flg. 8. The uﬁ!t

| . was mounted at the end of a brass oapl 11avy tuhinq. :
Wire eonnwstions 10 the smyil crystal WO 3cc0mylisﬁed
through the uge af ablver conduating paint, For
insulatien, & thinsed azoprenn conting was appliled =
repestmily until ar infinite rosiatanne rowding he- -

. twentt the eleatrical tevwlnsnls and the water into

f whieh the unit had been siubmorged van attained, This

| type of probe had a capaeity of 300 micro-microfarads
with a songitivity of -0 db,

“1}-

5 T3 St




! Fleyible Wive Mounted Unit.  This wnit was one that
wag mmde by mounting the 1710-in crysta! on an
tnzulated wire which had thu wire strands spread
gut and relled back inside the crystal (see Fig, o).
The wire was seeursd elcctri¢ally and mechnnioulf}

- to the internnl.eiectrode of \he erystal hy means -

S Co of siiver condusting puint. Neoprene was applied -

: ' “to esp off the wniv and secure Ghe unit to ihe wire“

{nsulation. The lnsulation of fhe second wire was .

secured to the first; a*singln wire strand was lé

brought to within I/B in of the ¢rvstu1 where an”
alectricr) contast wip made botween it snd tho cut-
side electrode by means:of sllver onducting puint.

L Tha tested unit wis then insuluted ®ith o neeprene

R .aouﬁing. i |

ﬂn&anlnl-a_nalx
.Negprens, ﬂgp_.,gng_ﬁm:gn Thiter N ,,@ n obteined

.Zfrom Gates Eannoerinq Co., 100 &. Wost Stxovt.,
e - Wilmingto-, Dlawere, :

AN Exgng_g;xtggjg Wor'e naaured from Clevite Electiic
iComponnnl* Cldveland, Uhio.

{ . '~l$1££_%ﬂlﬂﬂﬂilﬁﬂ_ﬁ&lni E. I. Dupont #4736 was used,

=12
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CRYSTAL SIPPLY PRUNMLEMS :

In an effort to Beet lahnrntnry requirements for hydrophones ¥
having at least the senaitivity of our gtandard calibration unlus
(-91,5 db), a set of basie requiremenis for dimonsions and eiecivical
prop&rties vas sent o nlf;known commercinl compinies dealing in pivko-

‘eloetric materials., Certain roquirvements doutd he vacled, hut the

tower ourie ppint could rot be above O%C, wnd In the atteinmment of

: “thi® $n burium titnnato-materinl a certmén part of the sensitivity was
- nesegnarily sacriflieed. Some manufacturera srfered a thinner walled

crystal In ¢ w atiompt to atisin greator rnpactiy and sensigivity, but

“the finnl ovaluntion WA s not very encouroging, 1t was evident that

thoxe better known suppliers, making standard unils wider Navy Spoel-
fiontions, did not and apparently cowld not meot Hudson Laboratories
roquiremants ﬁitnqug mayor moditication of routine coramic mixes or
orystel dimensions. In prmai!cally All ﬁaéﬂs they‘&nﬂwad gfﬁﬂt N
lusvance 1o any variation of "Navy Specs”, which woro abviously low,
Some of the companios that did supply test snmpl@n from Lhe shell had

#n inferin; produnt. Others sade some wod{ fteation, but ﬁqain tha
rosuits of tho fintahed erystal were not selisfeciory, A the pregont

time, nenme of the companies is able to supply wholiy satistastory.
ervainls, It fa very probahlé that cur standard units. are hads from

an unmodified barium titunate material and, therefore, exhibit a higher
gomedtivity tham the samples. The hest We have been abln to procurc
for evaluation were i{amples ~103 db equivalent o about =92 db in

a completed thrns elemenz unii. Thig vx bolow our proposed roqulre-
nents by 1.5 db, '

Hﬂ&hﬂdﬂggnﬁxglnnglgn. A snaple orystal, roceived foy dppreaisal Crom

ore of tho various compen: es, was wude into a singis eell hydroghone

In the same fashion as our standard "three element” univ. It wag re-

ferred for ealibration, and ins sensitivity was compared with that of

competitivé orystals, OQur calibration (atmospheric) device uses




noromparative means of pyeiuation where the prime gtamdards are
"Oriantde Caldbrated Untes™.  The range of frogquepsivy normally

testod s from 2 to 1UG ayeles pot aoaoml,

Suppllets, A 1t of many of the companies rcontreted may be found
In the Appendix,

Obseryationg., Of atl the ssamples tested, It wos found that none

saltsfactoryly met laberatory dewanda, One of the erystalz (U 5,

Sonien) indicated an auonptnﬁla sedaltivity, hut at o smerlfien

of crapacity of DOGS mid, Tt (s evident that the bariwm t1tanate : ot
aviilakle pow, madified for a depressed eurte point, i {ncapshie '
of produaing an acceptable unit (=22 db).

) ggggAglgﬁ§gggkL;_, Gumploes of lead zircomate mulorial wero mude

intoe n threeselament hydrophone with s capacity of 00576 miero-

% : farads and » sonsitivity of <04 db, ‘Tiese tead alroanate hydrophones
i : - ¢ost about five times as wueh as barium titanato hydrophones, It bay
? _ : beri suggested that by means of » fndicious selection of orystal sixe,
i

“two mirconuto elements cowd he uged insiesd of thyee: thé rasultany
sensitivity would be Migher than that of the standard barius titanste
hydrophone by 2 to 5 ab, A further modification of this two-alemant
bydeaphone, reversing the polarization of one of the twe crystals,
upuid obviate the nesd for shielding, therehy saving [ db normally
saarificed in a shielded unit., A Lwo-element zirconate hydrophone of
ascuptabie sinsitlvity offers, as on sdditional advantage, a capacity
higher than that of the standewd hydrvopheae, The poseibilities in the )
dusign of such s hydrophone are now being investigated, L §

ALLIED DEVELOPMENTS

R T T g e
k

I. P, T Cryvstal Evalustor. In the cpurse uf cur study nnd ovalyation

of 1h~in barium titanate eylinders, a test device was developed
whigh has shown some promisv as » crystal evaluat v anu & polarity
indivator (goo Fige, 7 and 0%, The dovive nctunlly tests the static
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volinge charge developed 1o a erystal by o circimf{erentisl mechan-

! prossura. £t conwistys of ap wirtight metal vnit with n

2z

eylindrical vubber boot se n Xiner, As siy pressure ia'nppllwd
between the contalner and the rubber boat, the lzatier tomipresses

the crystal which hag been ingerted within the bost, A known alr
preszere (10 pei) ta appried, After o moment o allow for equl-
Hbrinm, the pressere i3 anddenly vomoved aed e record of voltage
output of the exystal ls measured on & high peredstence preidingcope,

For simplicity of npﬂrn*{on the sir: wmpply ig contralled by &

pragseve rogulator dngd wﬂjennid valves,

I~ Tagi Progedure. The £iret Loxt opevalion consizis of imsertinq
the ¢rygial Into the vubber hoot, Pi dive lesation of the grystal
s atiolned by n logating rod which is withdeawn From the crystal -
after locstion, The doublewpeie, dodabi-throw switch {3 Hotmp !ty
itioned gueh thet the air gutlet Ie open wsnd the inlot ls otosed,
upenntﬂnn of this awlich uppninq the rmqu*ntpd glr pressure Lo the
evystal. Reverssl of the switeh opens the exheast releasing the
presgure and concurrently the clestrienl charge which is meagured
on the seope, Direstion of the pulse algo indicates uniformily of

yolarity.
B - Pogsible Vaiue., Corrslation has been experimentaliy indieated

betwoan the voltage output of the ocryatal and the potunl sensi-

tivity astertained by the calibration depavtmeni. However, { riler
develogment work is required befoye a valid relationship can be
ogtablishad, The mechanical foxee appliied with this device {§ in

the vadind directdon, and the electrical forco s meazured in this
same direction (the direction of polurization) giving an  Endication
of the responst of the oyllinder. Thig valtage suiput ia alosely
related to the d,, quality factor proposed by erystal manufacturers,
Some of the voltage measured, however, possibiy is aiiributobie to
influence of output duo to concurrent mechanical force im the length
mode or e alirecumferential mode referrod to as the dBl soufficlient.
For our laboratory use, nevertheless, ihe overall measuremeni is

-18-
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valuable only 1f 1t 2an be axed as o consistent skandard which
parallele the aetonl enlibration resette.  Furiher investigution
WITi e peCessury to vstsbtish the uxefuiness of fhe tester,

Some nhorpations tn the tecter mearurementz and the ealibrated
sensitivity were scen 1n some erystals where there was a wide
divparity of tapacldy monsuyesont. later develepnont may todiewin
the need far applytag n Correation fRetor Daked on rapasftive 1aflu-
g singe the oscalioscope cembing da ef freted by the sapypeitangr

AernEx rls oraput

AN IR TIRACE TS SAnathur. togsl for tho study of arysial)
preformarra ig n o gevics prractling the applhication sy removnl of
aoweiohl g g bartuee sptanate eybinder tn the axia) deection Tsea
Fig. ™. The swdden romovat of the petght sasscs the releaze of
1oyeliage wiieh 1§ wetisercd ap an oaci!coscope,  Since the megianisal
fores 15 porpesditglar o the visatrienl sigeal and U divectios of
pularization, the messuremnst shouls de rergfod Lo the Aoy poef-
fisteat of the plegn-ecrontric matewial feated, Further work ig
buing dane with ibrs tool in the oalibratisn departo@nl 3o eatablish
ity pomsiMie vylue in eryatal ovaluation,

(i1, LEfeps of Thivkened Plastio on Cxystyl Sensirivity. An unases)
phonomenen was cbzerved in the iacreased sersitivity of a barlom
titanate crystal vhat had fayers of plastic applied to it, progrogsively
iserenging Ity drameter. Az suesessive loyers of piagtic were gppiivo,
Vet crystanl was reforred foy calipration. Two such samples were observed,
and the resuits of thoge tosts are shown in Figs. 10 and 11 on the
leldﬁinq pages, In the case of sample X80, (i wne peticed that an
increase in the diameter of tho trystal from the original 14 in to

3j§ in by the application of 2 romm-tured cpoxy plasiic improved the
sensitivity of the crystal from 104.5 db to 102,85 db, The experi-
meni is coniinuing, iitvie mors than the acuudi observation of tnisg

unusual result war acconplished at the time of thig writing, but ft
might be suggested thot simd)ur experiments might be conducted with

ithree-olemeni units. The effccv of ouvner types of plnstic with

——
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varying densities might be pursued. Certain possible explanations
fo, the affect have heen propased. The most piausihle one is that
the embedded crystal in the large surrounding plastic senses the
pressurc wave to which the »ntire surface is expused. The plastic
acty as o lever transmitting the accumulated pressur? signal to
the Jdetector., More developmental work will be pursued to attempt
to exploit the value this finding may bave in future hydrophone

construction,

CONCLUSION AND RECOMMENDATTONS : 1

The efforts cxpended in the manufacture of hydrophones ;
at Hudson Laboraturies were worthwhile, aside from the financial '
benefit, hecause flexibility of hydrophone design was thereby ‘
made available to cquipment designers. Variable configurations
of geomeiry and electrical wiring were permitted without undue
stress since all of. the components and the techniques were at ' j
hand .

In thc seund source department, too, variation of design ‘ ;
has put into play somc of the skills developed by the hydrophone ‘
group. Considerable further experimental effort should be éxpended '
in the interest of developing some of our earlier findings and
improving our present materials and skilis.

_ It has been suggested by another laboratory (Naval Air '
Pevclopment Center) that for an expenditure of less than ten thousand

dollars, a ceramic laboratory could be set up capable of producing

crystals better suited to the needs of Hudson Laboratories than

those available from the inflexible industrial firms. Such a ‘ ' .
facflity would alsn lend itself to developmental improvements in

the piezo-electric wuierizls and would permit variability of shapes

aind sizes. A recommendati

L . o t

cmbiiem a8 s o Paaidtie.
JTLUP UL Lvii1d ldvliley 1>
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being published as an addendum to this report.
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[t is suggested that in the immediate future the matter
of the Improvement of sensitivity by the application of thickened
plastic coverings on barium titanate crystals be further investi-
gated, The observed increase of 2 db on a single crystal should
be further investigated, and the possibie utilization of the phe-
nomenen in hydrophone design should be considered.

The use of zirconates as replacements for barium titanate
elements should, becau:e of their more acute sensitivity, be in-
vestigated more fully. Evaluation thus far has shown their merit
for high pressure and low temperature use; however, obtaining
them is still the major problem. At present, only one supplier
is available, and for this rcason prices have not been depressed
by ~cwpetitive influence.

Future developments in the hydropione field will be pre-

sented periodically as addenda to this report.
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Name

“Setar Manufacturing Co.,
4553 Seviile Ave,
l.os Angeles 58, Calif,

U S Sonics
623 McGrath Highway
Somerville, Mass.

Clevite Eleetric Components
A3y Perkins Ave,
Cleveland 14, Ohio

Spraque )
North Adams, Mass.

Gulton Industries
212 Durham Ave.
Metuchen, N, J.

E:cctro Ceramic (King)
2645 South 2nd West
Salt Lake City 15, Utah

Amcrican lava Corp.
Chattanooga 5, Tenn.

APPENDIX

- e

BARIUM TITANATE SUPPLIERS

Type of Sample

Single Element

Single Elements
(Special mix for
low temperature use)

Three Elements in Series
Zirconates Sample (con-
sidered elsewhere in
report)

First Sample
Single Element

Three Elements
Thinned Wall units

Unable to modify further

zirconate after Jan. lst.

First Sample
Three Element

Second Samp'-
Single Element

Single Unit

Three Elemeat

-25-

Capacity

.0125 mfd

.0055 mfd

.0160 mfd

.016 mfd

.0169 mfd

.019 mfd.

.021 mf4

.0135 mfd

.0145 mfd

~103.5 db

-102 db

-93.5 db.

-103.5 db.

-94 db.

-94 db

-103.3 db

-103.5 db.

-94 db.

*



Aero Physics
P 0. Box 609
Santa Barbara, Catif,

Centralab Corp.
00 E.Keefe Ave,
Milwauke, Wis

Erie Resistor Co.
University Park, Pa.

General Electric

Electric Components Div.

Johnsville, Pa.

>

N

Possible future scurces, not now in a position ¢
supply samples or production quantities.

Naval Air Development Center Ceramic A .018 mfd -91-92 db.
crystals Curiec Point
10°C
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